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DESCRIPTION 



QUANTITY TOTALIZER, QUANTITY TOTALIZING PROGRAM, AND 



QUANTITY TOTALIZING METHOD FOR THREE-DIMENSIONAL 



ARRANGEMENT AND ADJUSTMENT CAD 



Technical Field 

The present invention relates to a quantity totalizer, a quantity 
totalizing program, and a quantity totalizing method for a three-dimensional 
10 arrangement and adjustment computer-aided design system (CAD), which 
are adopted to totalize the quantity of parts stored in the three-dimensional 
arrangement and adjustment CAD. The three-dimensional arrangement 
and adjustment CAD arranges the parts in a three-dimensional space to 
produce a design drawing. 

15 

Background Art 

Three-dimensional arrangement and adjustment CADs are design 
tools, each having a function of arranging parts selected from a parts library, 
which is the database for storing a parts data group, in a three-dimensional 

2 0 virtual space with a graphics interface and of outputting the information 
concerning the arrangement of the parts as a designs drawing. 

The information concerning the arrangement of the parts is stored in 
an arrangement information database in a three-dimensional arrangement 
and adjustment CAD. In the quantity totalization for classifying the 

2 5 arranged parts and totalizing the total number of the parts, countable parts 
(such as valves and joints) in the arrangement information database are 
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counted and the total length of uncountable parts (parts, such as pipes, 
which are purchased in units of a fixed length and adjusted to a length for 
use after the procurement) is calculated to produce a quantity sheet. 

Accordingly, checking the design drawing produced with the three- 
5 dimensional arrangement and adjustment CAD against the quantity sheet 
can provide detailed information concerning the parts arranged ir. the design 
drawing. 

A known quantity totalizer stores the data in a three-dimensional 
arrangement and adjustment CAD and attribute data, which is the 

1 0 information indicating the attribute of each object and which is associated 
with the data in the three-dimensional arrangement and adjustment CAD, 
and classifies equipment or the like based on the attribute data extracted by 
an attribute-data extracting unit (for example, Japanese Unexamined Patent 
Laid-open (KOKAI) Publication HEI No. 9-179891). 

1 5 However, detailed information is given to each part stored in a parts 

library in the three-dimensional arrangement and adjustment CAD and, 
thus, an enormous amount of data is stored in the parts library. As a result, 
it takes an increased amount of time to manage, for example, add, modify, 
or delete, the data concerning the parts. In addition, the increased amount 

2 0 of data in the parts library tends to disadvantageous^ cause errors at a time 
of inputting the data. 

In the design with known three-dimensional arrangement and 
adjustment CADs, there are cases in which three-dimensional arrangement 
and adjustment CADs that output the quantity totalization results and the 

2 5 drawings as a set are used and cases in which three-dimensional 

arrangement and adjustment CADs that output only the quantity sheets, 
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apart from the design with the three-dimensional arrangement and 
adjustment CAD, are used. In the case of the three-dimensional 
arrangement and adjustment CADs that output only the quantity sheets, 
the drawings are not associated with the quantity sheets. Even in the three- 
5 dimensional arrangement and adjustment CADs that output the quantity 
totalization results and the drawings as a set, since the parts in the design 
drawings are separately numbered for every drawing, the parts numbers 
common to all the drawings cannot be systematically assigned. For example, 
different parts number is assigned to the same part for every design drawing. 

1 0 Accordingly, there is a disadvantage of, for example, not being capable of 

directly and exclusively associating all the parts in all the drawings with the 
quantity totalization results. 

Furthermore, different types of three-dimensional arrangement and 
adjustment CADs are often used in different design fields (pipes, cable trays, 

1 5 steel products, and ducts) and, therefore, a unique data format or a unique 
quantity totalization function is used for every three-dimensional 
arrangement and adjustment CAD. Consequently, it is difficult to provide a 
common data format and a common quantity totalization function or to 
standardize the data format and the quantity totalization function, and it is 

2 0 also difficult to integrate the three-dimensional arrangement and adjustment 
CADs with each other to collectively perform the quantity totalization. 

In the design with the three-dimensional arrangement and adjustment 
CADs, various types of forms are required in each section according to the 
purpose. Separate preparation of the various types of forms diversifies the 

2 5 forms to make the preparation and management of the forms complicated. 
As a result, it is likely to cause errors in the preparation and management of 
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the forms. This is not acceptable with the object of the design management 
and the reduction in cost. 

However, since known three-dimensional arrangement and 
adjustment CADs only show which parts are arranged in the three- 
5 dimensional space, they are not suitable for preparation of the forms, such 
as specifications or purchase orders, required after the arrangement and 
adjustment. 

When known design tools are used, it is difficult to smoothly reflect 
the revisions resulting from design changes in the quantity totalization 
1 0 result. For example, piping design undergoes many revisions due to design 
changes and the parts are frequently added or deleted. Quantity totalization 
systems accommodated to such frequent design changes have not been 
developed and, thus, it takes a much amount of time to complete the piping 
design. 

15 Since all the data concerning the accessories of the parts must be 

input in the database in the three-dimensional arrangement and adjustment 
CAD, an enormous amount of data is stored in the parts library. 

In view of the actual arrangement or procurement of parts in plant 
construction, there are the following problems: 

2 0 (1) There is a problem of advance procurement of the material of the 

parts. The quantity totalization with the three-dimensional arrangement 
and adjustment CAD is performed as a preliminary step for the procurement. 
That is, the arrangement and adjustment must be completed in the three- 
dimensional arrangement and adjustment CAD before the procurement of 

25 the parts. 

Practically, since it is necessary to procure the parts and the material 
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at an earlier stage due to the delivery date or process, the parts are often 
procured before the specifications are determined. However, known three- 
dimensional arrangement and adjustment CADs, which adopt automatic 
numbering, have no way to resolve this contradiction. Hence, the quantity 
5 totalization is forestalled and is actually used only for confirming the 

difference between the advance procurement and the quantity totalization. 

(2) There is a problem of bulk purchase of the parts and material. 
Since the quantity totalization results are output for every specification of 
the parts in known quantity totalizing methods with the three-dimensional 

10 arrangement and adjustment CADs, only the number of the parts calculated 
for every specification can be yielded. 

However, practically, with the object of easiness of the arrangement 
and procurement, the bulk purchase in which compatible parts are 
collectively purchased with the parts having higher specification is 

1 5 frequently performed in spite of being rather out of specification. In the 
quantity totalization with known three-dimensional arrangement and 
adjustment CADs, it is not possible to collectively totalize the multiple parts 
in different groups. 

(3) Another problem concerns a method of calculating the number of 
2 0 uncountable parts with a yield rate being considered. In the quantity 

totalization method with known three-dimensional arrangement and 
adjustment CADs, the total length of the uncountable parts is simply output 
for every specification and the yield rate is not considered. Furthermore, 
there is no method of totalizing the parts purchased in units of fixed length 
2 5 while considering the yield rate of the parts. 

(4) Known quantity totalizing methods with the three-dimensional 



6 



arrangement and adjustment CADs suppose that the quantity totalization is 
performed after the design with the three-dimensional arrangement and 
adjustment CADs is completed and the parts numbers are numbered for 
every specification. Hence, there is a problem of causing a critical path in 
5 that the design must be completed with the three-dimensional arrangement 
and adjustment CADs before the procurement. 

In order to resolve the above problems, it is an object of the present 
invention to provide a quantity totalizer, a quantity totalizing program, and a 
quantity totalizing method for a three-dimensional arrangement and 
1 0 adjustment CAD, which are capable of improving the efficiency of the 

quantity totalization in the design with the three-dimensional arrangement 
and adjustment CAD and performing accurate parts management and 
design management while reducing the design cost and the time required for 
the design work. 

15 It is another object of the present invention to provide a quantity 

totalizer, a quantity totalizing program, and a quantity totalizing method for 
a three-dimensional arrangement and adjustment CAD, which are capable 
of considering advance arrangement and procurement of parts and 
improving a yield rate. 

20 

Disclosure of The Invention 

In order to resolve the above problems, a quantity totalizer for a three- 
dimensional arrangement and adjustment CAD, according to the present 
invention, is characterized by including integrating means for referring to 
2 5 parts information stored in the three-dimensional arrangement and 

adjustment CAD and associating line information, which is separated from 
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the parts information for storage and which is unique to a line, with the 
parts information to generate integrated information in which the quantity of 
parts is totalized; numbering means for systematically numbering the 
integrated information and outputting a quantity totalization result; and 
5 comparing means for comparing the quantity totalization result output by 
the numbering means with a parts number column in a design drawing 
produced with the three-dimensional arrangement and adjustment CAD to 
check the parts having the same parts information and line information 
against each other and replacing parts numbers in the parts number 

1 0 column in the design drawing produced with the three-dimensional 

arrangement and adjustment CAD with parts numbers in the quantity 
totalization result output by the numbering means. 

The parts information preferably includes a parts type and a size in 
the quantity totalizer for the three-dimensional arrangement and adjustment 

15 CAD. 

The quantity totalizer for the three-dimensional arrangement and 
adjustment CAD preferably further includes, when uncountable parts are 
processed, reducing means for dividing the length of the uncountable parts 
by a fixed length of countable parts for reduction to the number of the 

2 0 countable parts having the fixed length when the uncountable part is longer 
than the fixed length and for summing up the lengths of the uncountable 
parts until the fixed length is given for reduction to the number of the 
countable parts having the fixed length when the uncountable part is 
shorter than the fixed length. 

2 5 The quantity totalizer for the three-dimensional arrangement and 

adjustment CAD may include converting means for converting the parts 
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information stored in the three-dimensional arrangement and adjustment 
CADs of different types into a uniform data format to collectively manage the 
converted parts information. 

The quantity totalizer for the three-dimensional arrangement and 
adjustment CAD may include checking means for checking the integrated 
information against a past quantity totalization result to number parts that 
have not been numbered. 

A quantity totalizer for a three-dimensional arrangement and 
adjustment CAD, according to the present invention, is characterized by 
including integrating means for referring to parts information stored in the 
three-dimensional arrangement and adjustment CAD and associating line 
information, which is separated from the parts information for storage and 
which is unique to a line, with the parts information to generate integrated 
information in which the quantity of parts is totalized; numbering means for 
systematically numbering the integrated information and outputting a 
quantity totalization result; comparing means for comparing the quantity 
totalization result output by the numbering means with a parts number 
column in a design drawing produced with the three-dimensional 
arrangement and adjustment CAD to check the parts having the same parts 
information and line information against each other and replacing parts 
numbers in the parts number column in the design drawing produced with 
the three-dimensional arrangement and adjustment CAD with parts 
numbers in the quantity totalization result output by the numbering means; 
extracting means for classifying the parts into automatically numbered parts 
and manually numbered parts and extracting the parts information and the 
line information, concerning the manually numbered parts, from a database 
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in the three-dimensional arrangement and adjustment CAD for check; and 
manually-numbering means for manually numbering the parts having the 
parts information and the line information extracted by the extracting 
means. 

5 Attribute information concerning the parts, extracted and checked by 

the extracting means in order to determine the parts manually numbered by 
the manually-numbering means, preferably includes all of a line name, a 
parts type, and a size or includes only the parts type and the size in the 
quantity totalizer for the three-dimensional arrangement and adjustment 
10 CAD. 

The parts information may be integrated with the line information, 
which are extracted by the extracting means, to produce a parts list; at least 
one parts number that is determined in advance may be manually input in 
the parts list by the manually-numbering means; and the manually input 

15 data may be reflected in the parts number column in the database in the 
three-dimensional arrangement and adjustment CAD. 

The integrating means may refer to the line information and the 
database in the three-dimensional arrangement and adjustment CAD, in 
which the manually input data input by the manually-numbering means is 

20 reflected, to separate the automatically numbered parts from the manually 
numbered parts and may totalize the number of countable parts and the 
total length of uncountable parts to produce the quantity totalization result. 
The integrating means may separate the automatically numbered parts from 
the manually numbered parts for quantity totalization; may compare the 

25 information before a revision with the information after the revision; and 
may add a shortfall before the revision to the information after the revision 
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when the number of parts before the revision is smaller than the number of 
parts after the revision. 

A symbol indicating that a yield rate is considered, the symbol being 
attribute information, may be added to the line information to separate parts 
5 for which the yield rate is considered from parts for which the yield rate is 
not considered; the parts information and the line information concerning 
uncountable parts stored in the database in the three-dimensional 
arrangement and adjustment CAD may be extracted by the extracting 
means for check to determine the uncountable parts for which the yield rate 

10 is considered; true lengths, which are the actual lengths of the uncountable 
parts, may be calculated by the reducing means for the uncountable parts 
for which the yield rate is considered; and extra lengths, which is the 
difference between the true lengths and a fixed length at the time of 
purchase, input in advance, may be calculated. 

15 A symbol indicating that a yield rate is considered, the symbol being 

attribute information, may be added to the line information to separate parts 
for which the yield rate is considered from parts for which the yield rate is 
not considered; the parts information and the line information concerning 
uncountable parts stored in the database in the three-dimensional 

2 0 arrangement and adjustment CAD may be extracted by the extracting 

means for check to determine the uncountable parts for which the yield rate 
is considered; a fixed length, which is the length of the uncountable parts at 
time of purchase, may be input by the manually-numbering means; the 
fixed length may be subtracted from true lengths, which are the lengths of 

2 5 the uncountable parts for which the yield rate is considered, when the true 
lengths are larger than the fixed length to reduce the uncountable parts to 
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uncountable parts having lengths smaller than the fixed length; extra 
lengths may be calculated by subtracting the true lengths, which is the 
actual lengths of the uncountable parts, from the fixed length to compare 
the true lengths of all the parts for which the extra lengths are calculated 
5 with the extra lengths thereof; addition of a longest true length to a shortest 
extra length may be repeated to reduce the uncountable parts to the 
countable parts having the fixed length; and the number of the countable 
parts having the fixed length may be totalized. 

In order to resolve the above problems, a quantity totalizing program 

10 for a three-dimensional arrangement and adjustment CAD, according to the 
present invention, is characterized by including integrating means for 
referring to parts information stored in the three-dimensional arrangement 
and adjustment CAD and associating line information, which is separated 
from the parts information for storage and which is unique to a line, with 

1 5 the parts information to generate integrated information in which the 
quantity of parts is totalized; numbering means for systematically 
numbering the integrated information and outputting a quantity totalization 
result; and comparing means for comparing the quantity totalization result 
output by the numbering means with a parts number column in a design 

2 0 drawing produced with the three-dimensional arrangement and adjustment 
CAD to check the parts having the same parts information and line 
information against each other and replacing parts numbers in the parts 
number column in the design drawing produced with the three-dimensional 
arrangement and adjustment CAD with parts numbers in the quantity 

25 totalization result output by the numbering means. 

A quantity totalizing program for a three-dimensional arrangement 
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and adjustment CAD, according to the present invention, is characterized by- 
including integrating means for referring to parts information stored in the 
three-dimensional arrangement and adjustment CAD and associating line 
information, which is separated from the parts information for storage and 
5 which is unique to a line, with the parts information to generate integrated 
information in which the quantity of parts is totalized; numbering means for 
systematically numbering the integrated information and outputting a 
quantity totalization result; comparing means for comparing the quantity 
totalization result output by the numbering means with a parts number 

10 column in a design drawing produced with the three-dimensional 

arrangement and adjustment CAD to check the parts having the same parts 
information and line information against each other and replacing parts 
numbers in the parts number column in the design drawing produced with 
the three-dimensional arrangement and adjustment CAD with parts 

15 numbers in the quantity totalization result output by the numbering means; 
extracting means for classifying the parts into automatically numbered parts 
and manually numbered parts and extracting the parts information and the 
line information, concerning the manually numbered parts, from a database 
in the three-dimensional arrangement and adjustment CAD for check; and 

20 manually-numbering means for manually numbering the parts having the 
parts information and the line information extracted by the extracting 
means. 

In order to resolve the above problems, a quantity totalizing method 
for a three-dimensional arrangement and adjustment CAD, according to the 
2 5 present invention, is characterized by including the steps of referring to 
parts information stored in the three-dimensional arrangement and 



adjustment CAD and associating line information, which is separated from 
the parts information for storage and which is unique to a line, with the 
parts information to generate integrated information in which the quantity of 
parts is totalized; systematically numbering the integrated information and 
5 producing a quantity totalization result; and comparing the quantity 
totalization result with a parts number column in a design drawing 
produced with the three-dimensional arrangement and adjustment CAD to 
check the parts having the same parts information and line information 
against each other and replacing parts numbers in the parts number 

1 0 column in the design drawing produced with the three-dimensional 

arrangement and adjustment CAD with parts numbers in the quantity 
totalization result output by the numbering means. 

A quantity totalizing method for a three-dimensional arrangement and 
adjustment CAD, according to the present invention, is characterized by 

1 5 including the steps of referring to parts information stored in the three- 
dimensional arrangement and adjustment CAD, associating line information, 
which is separated from the parts information for storage and which is 
unique to a line, with the parts information, referring to the line information 
and the parts information stored in the three-dimensional arrangement and 

2 0 adjustment CAD to classify parts into automatically numbered parts and 
manually numbered parts, and associating the line information with the 
parts information to generate integrated information in which the quantity of 
the parts is totalized; extracting the line information concerning the 
manually numbered parts from a database in the three-dimensional 

2 5 arrangement and adjustment CAD, manually numbering the parts having 
the extracted line information, and systematically numbering the integrated 
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information to produce a quantity totalization result; comparing the quantity 
totalization result with a parts number column in a design drawing 
produced with the three-dimensional arrangement and adjustment CAD to 
check the parts having the same parts information and line information 
5 against each other and replacing parts numbers in the parts number 
column in the design drawing produced with the three-dimensional 
arrangement and adjustment CAD with parts numbers in the quantity 
totalization result output by the numbering means. 

According to the present invention having the structures described 

1 0 above, it is possible to improve the efficiency of the quantity totalization in 
the design with the three-dimensional arrangement and adjustment CAD 
and to perform accurate parts management and design management while 
reducing the design cost and the time required for the design work, and it is 
also possible to consider advance arrangement and procurement of the parts 

1 5 and to improve a yield rate. 

Brief Description of The Drawings 

Fig. 1 is a schematic diagram showing a structure of a quantity 
totalizer for a three-dimensional arrangement and adjustment CAD 
2 0 according to an embodiment of the present invention. 

Fig. 2 shows a totalizing flow in the quantity totalizer for the three- 
dimensional arrangement and adjustment CAD of the present invention. 

Fig. 3 shows a method of reducing uncountable parts to countable 

parts. 

2 5 Fig. 4 shows a flow in which a latest quantity totalization result is 

checked against a past quantity totalization result. 
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Fig. 5 shows a flow in which parts information in the numbered 
quantity totalization result is compared with and checked against parts 
information in a piping drawing. 

Fig. 6 shows a structure (flow) in which parts numbers are manually 
5 numbered. 

Fig. 7 is a table showing a symbol indicating whether the manual 
numbering is allowed as attribute information. 

Figs. 8A and 8B are tables showing a quantity totalization method 
when the parts are totalized based on line names and parts specifications or 
1 0 based only on the parts specifications. 

Figs. 9A and 9B are tables showing a quantity totalizing method in 
which the parts having different specifications are processed as the same 
part according to the same parts number and parent-to-child relationship. 

Fig. 10 shows a structure (flow) in which a fixed length is manually 
15 input in the quantity totalization when the yield rate of the uncountable 
parts is considered. 

Fig. 1 1 is a table showing a method of classifying the quantity 
totalizing method based on whether the yield rate is considered. 

Fig. 12 illustrates processes for reducing the uncountable parts to the 
2 0 countable parts in consideration of the yield rate to calculate the number of 
the countable parts. 



Best Mode for Embodying The Invention 

Embodiments of a quantity totalizer, a quantity totalizing program, 
25 and a quantity totalizing method for a three-dimensional arrangement and 
adjustment CAD, of the present invention, will be described with reference to 
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the accompanying drawings. 

Fig. 1 shows the structure of a quantity totalizer 10 for a three- 
dimensional arrangement and adjustment CAD, according to a first 
embodiment of the present invention. 

As shown in Fig. 1, the quantity totalizer 10 for the three-dimensional 
arrangement and adjustment CAD includes: converting means 1 for 
converting parts information, stored in parts information database groups 
81 in a three-dimensional arrangement and adjustment CAD group 80 
which includes three-dimensional arrangement and adjustment CADs 
having different data formats, into a uniform data format; reducing means 2 
for reducing uncountable parts, among parts information converted into the 
uniform data format by the converting means 1, to countable parts; 
integrating means 3 for associating line information, which is unique for 
every line and which is stored in a file different from that of the parts 
information, with the parts information to generate integrated information in 
which the quantity of parts is totalized; numbering means 4 for 
systematically numbering the integrated information and outputting a 
quantity totalization result; checking means 5 for checking the integrated 
information against a past quantity totalization result when the integrated 
information integrated by the integrating means 3 results from the second or 
subsequent quantity totalization; comparing means 6 for comparing the 
quantity totalization result output by the numbering means with a parts 
number column in a design drawing produced by the three-dimensional 
arrangement and adjustment CAD group 80 to determine parts having the 
same parts information and line information and replacing the parts 
numbers in the parts number column in the design drawing produced by 
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the three-dimensional arrangement and adjustment CAD group 80 with the 
parts numbers in the quantity totalization result output by the numbering 
means 4; form preparing means 7 for selecting necessary information from 
the quantity totalization result output by the numbering means 4 to output 
5 the selected information as a form; and postscript inputting means 8 for 
inputting a postscript in the quantity totalization result output by the 
numbering means 4 or in the form output by the form preparing means 7. 

A totalizing flow in the quantity totalizer 10 for the three-dimensional 
arrangement and adjustment CAD will now be described with reference to 
10 Fig. 2. According to the first embodiment, piping design is taken as an 
example. 

In the quantity totalizer 10 for the three-dimensional arrangement and 
adjustment CAD according to the first embodiment, the parts information 
stored in the parts information database group 8 1 in a parts library in the 

15 three-dimensional arrangement and adjustment CAD group 80 is minimized 
to speed up the data processing. In other words, in the quantity totalizer 10 
for the three-dimensional arrangement and adjustment CAD, the three- 
dimensional arrangement and adjustment CAD group 80 holds only the 
minimum parts information required for pipe routing. 

2 0 In the piping design with the three-dimensional arrangement and 

adjustment CAD group 80, first, pipes and parts (including valves and 
joints) are arranged in a virtual space of the three-dimensional arrangement 
and adjustment CAD group 80 to generate piping lines (lines). In the 
generation of the piping lines, line names are specified for the pipes and 

2 5 parts as classification items, and the data concerning the parts types (bore, 
face-to-face dimension, connection form (flange connection or welding), and 
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the diameter of the flange in the flange connection), the sizes, etc. is added 
to the line names. The information concerning the wall thickness, the 
material, etc. of the pipes and parts is omitted here. In other words, the 
parts information database group 8 1 in the three-dimensional arrangement 
5 and adjustment CAD group 80 includes only the minimum parts 

information, such as the line names, the parts types, and the sizes, required 
for the piping design. 

Next, the parts information in the piping diagram drawn by the three- 
dimensional arrangement and adjustment CAD groups 80 of multiple types 
10 is converted into a uniform data format by the converting means 1. The 
converting means 1 stores a conversion program for converting the data 
format. 

The parts information converted into the uniform data format is 
output as uniform-data-format information (Table 1). At this time, the line 
15 names (classification items), the parts types, the sizes, and the data on the 
lengths of the uncountable parts, which are the minimum parts information 
required for the piping design, are stored in Table 1 . 

In the uniform-data-format information (Table 1), the number of parts 
having the same parts type and size is counted to calculate the total number 
2 0 of the parts in each of the lines. 

Next, the uniform-data- format information (Table 1) is input in the 
reducing means 2. When the parts are the uncountable parts (for example, 
pipes or ducts), the quantity of the uncountable parts is reduced to the 
number of the countable parts using a part having a fixed length as a 
25 measure. 

A method of reducing the uncountable parts to the countable parts, 
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performed by the reducing means 2, will now be described with reference to 
Fig. 3. In this method, pipes are taken as one example. 

For example, when a pipe 2 1 having the length at the time of purchase 
is defined as a reference pipe having a fixed length and a pipe 22 is longer 
5 than the reference pipe having the fixed length, the length of the pipe 22 is 
divided by the fixed length of the reference pipe 2 1 to reduce the pipe 22 to a 
countable part 22A having the fixed length. The remainder is recognized as 
an uncountable part 22B having a length less than the fixed length, or as 
the uncountable part 22B whose length is less than that of the reference 
1 0 pipe. 

In the case of pipes 23 to 27 shorter than the reference pipe 2 1 having 
the fixed length, the lengths of the uncountable parts are selectively and 
repeatedly summed up until the reference pipe 2 1 having the fixed length is 
given. The uncountable parts having a length equal to the fixed length are 

1 5 counted as the countable parts. For example, summing up the lengths of 
the pipe 23 to the pipe 26 produces one reference pipe 2 1 having the fixed 
length, and summing up the lengths of the pipe 24 to the pipe 25 produces 
one reference pipe 2 1 having the fixed length. This operation is repeated 
and it is determined whether the pipe 27 having a length less than the fixed 

2 0 length, which is the final remainder, is counted as one reference pipe 2 1 
having the fixed length or whether an additional pipe having a length less 
than the fixed length of the reference pipe 2 1 is purchased. By reducing the 
uncountable parts to the countable parts so as to count the number of the 
countable parts in this manner, the waste in the purchase of the pipes and 

2 5 the likes can be eliminated and the high yielding can be achieved. 

Reduced parts information (Table 2) is prepared in the manner 
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described above. In the reduced parts information, the line names, the parts 
types, and the sizes of the pipes and parts in each of the piping lines 
designed with the three-dimensional arrangement and adjustment CAD 
group 80 are added as the parts information, and the uncountable parts are 
5 reduced to the countable parts. 

In addition to the parts information stored in the three-dimensional 
arrangement and adjustment CAD group 80, line information (Table 3) 
concerning each line is prepared. The line information includes the fluid 
name, the working pressure, the working temperature, the thicknesses of 
10 the pipes, the material, the joint geometry of the butt welding, the drawing 
numbers, the work information, the delivery date, and the procurement 
number. 

The line names, which are the classification items added to the parts 
information, are checked to integrate the reduced parts information (Table 2) 

15 with the line information (Table 3) by the integrating means 3. The reduced 
parts information (Table 2) and the line information (Table 3) are generated 
with the data in the three-dimensional arrangement and adjustment CAD 
group 80. In other words, the data having the same line name is associated 
with each other for the integration. With this checking and integration, all 

20 the information including the parts types, the sizes, the fluid name, the 
working pressure, and the working temperature, is added to all the pipes 
and parts as unique data. 

The reduced parts information (Table 2) is integrated with the line 
information (Table 3) by the integrating means 3 to generate integrated 

25 information (Table 4). The integrated information (Table 4) does not have the 
parts numbers added. In other words, all the parts information and the line 
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information, including the line names, the parts types, the sizes, the 
material, and the thicknesses of the pipes, are stored in the integrated 
information (Table 4). 

Next, the parts numbers are added to all the parts stored in the 
5 integrated information (Table 4) by the numbering means 4. In the case of 
the first design, the integrated information (Table 4) is numbered to assign 
unique parts numbers to all the parts. It is possible to manage the data 
concerning all the parts as a whole based on the parts numbers. 

In contrast, in the case of the quantity totalization in the second or 

1 0 subsequent design, that is, if the design is changed in the design stage, the 
integrated information (Table 4) is checked against the quantity totalization 
results of past revisions by the checking means 5. 

A flow, in which the integrated information (Table 4) is checked 
against a past quantity totalization result (Table 5) by the checking means 5, 

15 will be described hereunder with reference to Fig. 4. 

The integrated information (Table 4) is not numbered while the past 
quantity totalization result (Table 5) is numbered in the past quantity 
totalization. In the case of the first quantity totalization, the integrated 
information (Table 4) is directly input in the numbering means 4. In the 

2 0 case of the second or subsequent quantity totalization, the integrated 
information (Table 4) is input in the checking means 5 and is checked 
against the past quantity totalization result (Table 5). The number of the 
parts in the integrated information (Table 4), the parts having the same 
information (information B other than the parts numbers and the number of 

2 5 the parts in Fig. 4) concerning the line name, the parts type, and the size as 
the parts in the past quantity totalization result (Table 5), is compared with 
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the number of parts in the past quantity totalization result (Table 5). If the 
number of the parts in the integrated information (Table 4), the parts having 
the same information B as in the past quantity totalization result (Table 5), 
is equal to the number of the parts in the past quantity totalization result 
5 (Table 5) (X - Y = 0), it is assumed that there is no design change and the 
integrated information (Table 4) is numbered. If the number of the parts in 
the integrated information (Table 4), the parts having the same information 
B as in the past quantity totalization result (Table 5), is larger than the 
number of the parts in Table 5 (X - Y > 0), it is assumed that the parts are 

1 0 additional parts and the line corresponding to the additional parts is added 
to the past quantity totalization result (Table 5). If the number of the parts 
in the integrated information (Table 4), the parts having the same 
information B as in the past quantity totalization result (Table 5), is smaller 
than the number of the parts in the past quantity totalization result (Table 

15 5) (X - Y < 0), it is assumed that the parts are deleted due to the design 
change, and the integrated information (Table 4) is numbered and the 
numbered integrated information (Table 4) is output as the quantity 
totalization result. 

A quantity totalization result (Table 6) of the arranged parts and pipes 

20 is output in the above manner. 

A flow, in which the quantity totalization result (Table 6) is associated 
with the design data in the three-dimensional arrangement and adjustment 
CAD group 80, will be also described hereunder with reference to Fig. 5. 
The quantity totalization result of the parts and pipes, output in the 

2 5 quantity totalization result (Table 6), is returned to the three-dimensional 
arrangement and adjustment CAD group 80, and the returned quantity 
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totalization result is compared with the quantity totalization result of the 
parts and pipes, in the parts number column in the piping drawing 
produced with the three-dimensional arrangement and adjustment CAD 
group 80, by the comparing means 6. In other words, the line names, the 
5 parts types, and the sizes recorded in the piping drawing are extracted from 
the quantity totalization result in the piping drawing and are checked 
against the line names, the parts types, and the sizes in the quantity 
totalization result (Table 6). If the line names, the parts types, and the sizes 
recorded in the piping drawing are equal to the line names, the parts types, 

10 and the sizes in the quantity totalization result (Table 6), the parts 

information in the piping drawing is associated with the parts information in 
the quantity totalization result (Table 6). 

Specifically, the line name B, the parts type C, and the size D in the 
quantity totalization result (Table 6) are compared with the line name B', the 

15 parts type C, and the size D* in the quantity totalization result in the piping 
drawing produced with the three-dimensional arrangement and adjustment 
CAD group 80, respectively, by the comparing means 6. As for the parts 
having the same data in the line names (B, B'), the parts types (C, C), and 
the sizes (D, D'), a letter A' in the parts number column in the piping 

2 0 drawing produced with the three-dimensional arrangement and adjustment 
CAD group 80 is replaced with a parts number A numbered by the quantity 
totalizer 10 for the three-dimensional arrangement and adjustment CAD of 
the present invention. The drawing number is assigned to the piping 
drawing here. 

2 5 The comparing means 6 has a conversion program as in the 

converting means 1. The conversion program has a function of converting 
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the data format in the quantity totalization result (Table 6) into the data 
format in the three-dimensional arrangement and adjustment CAD group 80. 

In other words, as for all the parts systematically numbered in the 
quantity totalization result (Table 6) by the comparison performed by the 
5 comparing means 6, the parts numbers of all the parts and pipes arranged 
in the piping drawing are completely associated with the parts numbers in 
the quantity totalization result (Table 6). Accordingly, it is possible to 
produce the piping drawing having the parts numbers systematically 
numbered with the three-dimensional arrangement and adjustment CAD 
10 group 80. 

The comparing means 6 may have a conversion function of converting 
the description language and the unit system. With the comparing means 6 
having the conversion function, it is possible to convert the language and 
unit in the piping drawing and to output the converted result. 

1 5 Since the parts numbers in the quantity totalization result (Table 6) 

are directly and exclusively associated with the parts numbers in the piping 
drawing produced with the three-dimensional arrangement and adjustment 
CAD group 80, the quantity totalization result (Table 6) can be directly used 
as a form, such as a valve list or a purchase order. In the engineering 

2 0 design, different sections including factories, construction site, and material 
procurement departments require different information. Accordingly, only 
by outputting the necessary parts information from the quantity totalization 
result in the three-dimensional arrangement and adjustment CAD group 80, 
the drawing and form can be collectively produced. The templates of the 

2 5 form and the like is stored in the form preparing means 7 as blank forms, 
and the template optimal to the type of the produced form is selected and 
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used. The output result is output as a form (a table group 7). 

The form preparing means 7 may have a conversion function of 
converting the description language and the unit system. With the form 
preparing means 7 having the conversion function, it is possible to convert 
5 the language and unit in the form and to output the converted result. 

Furthermore, the postscript inputting means 8 for later addition is 
provided in order to add a postscript or a memo, such as a proviso, which is 
not included in the quantity totalization result (Table 6) or the form (the 
table group 7), to the piping drawing or the form. 

1 o The Table 1 to Table 5 according to the first embodiment do not need 

to be actually output as lists as long as the tables are recorded in a memory 
in the computer as databases. 

In the quantity totalizer 10 for the three-dimensional arrangement and 
adjustment CAD having the structure described above, on the one hand, the 
15 minimum information incidental to the arranged parts is used to route the 
pipes in the three-dimensional virtual space. On the other hand, the 
information concerning the fluid name, the working pressure, the working 
temperature, and the connection form, which is incidental to the line names 
of the pipe lines, is provided as an appendix. The information incidental to 

2 0 the arranged parts is linked with the information incidental to the line 

names of the pipe lines to generate total information. In the total 
information, the parts are systematically numbered. The template 
appropriate for the attained quantity totalization result is used to output the 
information necessary for each section as a form and to output the drawing 
2 5 having the corresponding parts numbers. 

As described above, in the quantity totalizer 10 for the three- 



dimensional arrangement and adjustment CAD, it is possible to associate 
the forms with the drawing with a little work and to systematically produce 
the forms, and it is further possible to easily and accurately perform the 
design tasks and the management of the parts. Since there is no need, to 
5 input the parts information in the production of the piping drawing and the 
forms including the valve list, the design work is reduced in time and the 
design cost is also reduced. 

The parts numbers are systematically associated with the forms, so 
that there is no disadvantage, such as duplication of the parts numbers. 

1 0 Since the line names are assigned to the pipes as the classification 

items in the production of the piping drawing, it is sufficient to use the parts 
types and the sizes as the data to be stored in the three-dimensional 
arrangement and adjustment CAD. Accordingly, it is not necessary to carry 
out a complicated input work for every part in the pipe routing. As a result, 

1 5 the piping design can be smoothly performed and the design cost can be 
effectively reduced. 

Furthermore, since all the information concerning the parts is stored 
as the quantity totalization result and is collectively managed, it is possible 
to output only the information required for every section in the forms. 

2 0 Consequently, the forms and the drawing can be efficiently produced, thus 
allowing the design to be efficiently managed. 

A change in the number of the parts due to the design change can be 
accurately reflected in the quantity totalization result, so that the design 
work relating to the order or the manufacture can be improved. Accordingly, 

2 5 the design work can be smoothly performed at low cost. 

Since different types of three-dimensional arrangement and 
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adjustment CADs can be incorporated and used in the system owing to the 
provision of the reduction tables, the design management, which has been 
separately performed for every design field, can be collectively performed to 
realize a user-friendly design system. Accordingly, the design cost and the 
5 time required for the design work can be reduced. 

With the structure described above, the forms including the parts 
information and the drawing associated with the parts numbers can be 
produced and output with little effort in the piping design. Consequently, it 
is possible to collectively manage the forms in which the parts are 
1 0 systematically numbered and the drawing and to efficiently perform the 
design work. 

A quantity totalizer for a three-dimensional arrangement and 
adjustment CAD, according to a second embodiment of the present 
invention, will be further described hereunder with reference to drawings. 
1 5 Fig. 6 shows a flow relating to the reduced parts information (Table 2) 

shown in Fig. 2. Table 2 A is converted to Table 2B in the manner shown in 
Fig. 6. 

The line information (Table 3) in Fig. 6 has a symbol indicating 
whether manual numbering is allowed as attribute information. Referring to 
2 0 Fig. 6, the attribute information concerning the manual numbering is 

indicated with a symbol O. That is, the symbol O indicates that the manual 
numbering is allowed for the part. 

The part having the classification item with the symbol O is associated 
with the reduced parts information (Table 2A) by extracting means 22 and 
2 5 the associated result is extracted. If the extracted result includes the parts 
having the same specifications as in the line information (Table 3), the parts 



are classified for every specification and the total number of the parts is 
calculated and stored in one line in manually-numbered parts information 
(Table 11). The manually-numbered parts information (Table 1 1) has a 
column for the manual numbering, in which the user manually inputs the 
5 parts numbers that are numbered in advance. 

The parts numbers that are manually numbered by the user in 
advance are input in the manual numbering column in the manually- 
numbered parts information (Table 1 1) by manually-numbering means 23. 

The manual numbered result (the manually-numbered parts 
10 information (Table 1 1)) is reflected in the database in the three-dimensional 
arrangement and adjustment CAD in the following manner. First, the 
content of Table 2A is copied into Table 2B. Then, the content of Table 1 1 is 
reflected in Table 2B while referring to a key. 

This term "key* means herein the data indicating where in the 
15 database in the three-dimensional arrangement and adjustment CAD is 

referred to in the extraction of the parts. The attribute information, such as 
line numbers or unique letters, corresponds to the key. 

Assigning the manually-numbered reduced parts information (Table 
2B) in the database in the three-dimensional arrangement and adjustment 
2 0 CAD to the reduced parts information (Table 2) in Fig. 2 allows the 

totalization to be performed according to the manually-numbered parts 
numbers. 

However, due to the above operation, the automatically-numbered 
parts numbers are mixed with the manually-numbered parts numbers in 
2 5 the database in the three-dimensional arrangement and adjustment CAD. 
Consequently, in the quantity totalizer for the three-dimensional 
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arrangement and adjustment CAD according to the second embodiment, as 
shown in Fig. 7, the symbol indicating whether the manual numbering is 
allowed, used as the attribute in the line information (Table 3), is indicated 
in order to avoid disrupting the system in the quantity totalization. The 
5 quantity totalizing method of the parts is classified with this symbol. 

In other words, all the parts relating to the classification items for 
which the manual numbering is not specified in the line information (Table 
3) are totalized by the automatic numbering. In contrast, all the parts for 
which the manual numbering is specified in Table 3 are totalized by the 

1 0 manual numbering. 

In the automatic numbering, the sequence numbers may be disorderly 
assigned or the sequence numbers may be assigned by rule. The quantity 
totalizer for the three-dimensional arrangement and adjustment CAD, 
according to the first embodiment of the present invention, adopts the latter 

15 numbering method. The parts having the same line name, the parts type, 
and the size are classified and totalized, and the automatic numbering is 
performed for the totalization result. 

In contrast, in the quantity totalizer for the three-dimensional 
arrangement and adjustment CAD, according to the second embodiment of 

2 0 the present invention, the parts may be totalized by the manual numbering 
based only on the attribute information concerning the parts types and the 
sizes, regardless of the line names as the classification items. The attribute 
information concerning only the parts types and the sizes is called parts 
specifications. 

2 5 Fig. 8A shows the manually-numbered parts information (Table 1 1 A) 

in which the parts are totalized according to the line information and the 
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parts specifications. Fig. 8B shows the manually-numbered parts 
information (Table 1 IB) in which the parts are totalized according to only 
the parts specifications. Since the manual numbering is used in the 
manually-numbered parts information (Table 1 1A and Table 1 IB), the parts 
5 number columns are blank. 

As shown in the manually-numbered parts information (Table 1 1A) in 
Fig. 8A, when the parts are totalized on the condition that the parts have the 
same line information and the parts specifications, the parts are classified 
and tabulated for every line information even if the parts have the same 
10 parts specifications E. 

As shown in the manually-numbered parts information (Table 1 IB) in 
Fig. 8B, when the parts are totalized only on the condition that the parts 
have the same parts specifications, the parts having the same parts 
specifications are equally processed and the number of the parts is 
1 5 calculated by summing up the numbers of the parts in the two lines in Fig. 
8A. That is, the total number of the parts is F+G. Since the line name is 
meaningless, the line name is represented by a letter indicating the 
meaninglessness (by a hyphen (-) in Fig. 8B). 

In the manner described above, it is possible to collectively count the 
2 0 parts having the same parts specifications. 

In contrast, in order to collectively assign the same parts number 
when the parts are different in both the line name and the parts 
specifications or either of them, the parts are numbered in a manner shown 
in Figs. 9A and 9B. 

25 In the manner in Figs. 9A and 9B, symbols representing the parent-to- 

child relationship are registered as the attribute information in the parts. 
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The parent-to-child relationship here represents which line name or parts 
specification is to be used in the totalization when the same parts number is 
assigned to the multiple parts having different line names or parts 
specifications. Referring to Figs. 9A and 9B, the line names and the parts 
5 specifications are described as the same category. 

As shown in Fig. 9A, when there is no parent-to-child relationship 
between the parts, the part having the parts number A and the part having 
the parts number A' are processed as parents to prepare the manually- 
numbered parts information (Table 1 1C). In this case, in the quantity 
10 totalization result (the integrated information, Table 4) reflecting this 

processing, the parts number A is separated from the parts number A' for 
the totalization. 

In contrast, Fig. 9B shows a case in which the parts have different line 
names and parts specifications but have the same parts number and, 

15 therefore, there is the parent-to-child relationship between the parts. The 
parts in Fig. 9B are totalized together according to the parent-to-child 
relationship. As a result of this totalization, the parts numbers and the 
parent-to-child relationship are registered in the database in the three- 
dimensional arrangement and adjustment CAD group 80. In the integrated 

2 0 information (Table 4), the line name and parts specification B of the parent 
is used for the parts number A, and the total number E + F given by adding 
the number of the parent parts having the parts number A to the number of 
the child parts having the parts number A is adopted. 

A flow in the quantity totalizer when a yield rate is considered will be 

2 5 described hereunder with reference to Fig. 10. Referring to Fig. 10, reduced 
parts information (Table 2D) prepared from reduced parts information (Table 
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2C) corresponds to the reduced parts information (Table 2) in Fig. 2. Fig. 10 
shows the flow in which the reduced parts information (Table 2C) is 
converted to the reduced parts information (Table 2D). 

Referring to Fig. 10, a symbol indicating that the yield rate is 
5 considered is stored in the line information (Table 3) as the attribute 

information (the part for which the yield rate is considered is indicated with 
a symbol O in Fig. 10). 

The part corresponding to the uncountable part having the line 
information with the symbol O is extracted from the reduced parts 
10 information (Table 2C) by the extracting means 22. If the extracted result 
includes the uncountable parts having the same specifications as in the line 
information (Table 3), the uncountable parts are classified for every 
specification, and the total length of the uncountable parts stored in the 
three-dimensional arrangement and adjustment CAD in advance is output 
1 5 for every specification and is stored in one line in yield-rate-considered parts 
information (Table 12). 

The fixed length, which is the length of uncountable parts at time of 
purchase, is stored in the line information (Table 3) as one attribute. The 
fixed length must be registered in advance for all the uncountable parts. 
2 0 The yield-rate-considered parts information (Table 12) includes a column in 
which the fixed length is described, and the user can revise the fixed length 
to input the revised fixed length in the column. 

Next, the user manually inputs the parts numbers in the manual 
numbering column in the yield-rate-considered parts information (Table 12) 
2 5 with the manually-numbering means 23. 

The manual revision of the fixed length is reflected in the database in 
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the three-dimensional arrangement and adjustment CAD in the following 
manner. First, the content of the reduced parts information (Table 2C) is 
copied in the reduced parts information (Table 2D). Then, the content of the 
yield-rate-considered parts information (Table 12) is reflected in the reduced 
5 parts information (Table 2D) via a key. 

This term "key" means herein the data indicating where in the 
database in the three-dimensional arrangement and adjustment CAD is 
referred to in the extraction of the attribute information of the part from the 
reduced parts information (Table 2C). The attribute information, such as 

1 0 line numbers or unique letters, corresponds to the key. 

The use of the reduced parts information (Talbe2D) in which the fixed 
length is manually input as the reduced parts information (Table 2) in Fig. 2 
can realize the quantity totalization using the fixed length manually input. 
However, due to the above operation, the uncountable parts for which 

1 5 the yield rate is considered are mixed with the uncountable parts for which 
the yield rate is not considered in the database in the three-dimensional 
arrangement and adjustment CAD. Consequently, as shown in Fig. 11, the 
symbol indicating whether the yield rate is considered, used as the attribute 
of the classification items in Table 3, is indicated in order to avoid disrupting 

2 0 the system in the quantity totalization. The quantity totalizing method of 
the parts is classified with this symbol. 

In other words, all the uncountable parts relating to the classification 
items for which the yield rate is not specified in Table 3 are totalized in a 
state in which the yield rate is not considered. In contrast, all the 

25 uncountable parts for which the yield rate is specified in Table 3 are 
totalized in a state in which the yield rate is considered. 
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Fig. 12 shows an actual manner of calculating the yield rate. 

[Process 1] The uncountable parts having the same specification 
including the fixed length are totalized. This is called an initial state. 
Referring to Fig. 12, the true lengths are shown by solid lines, while the 
5 extra lengths, each given by subtracting the true length from the fixed length, 
are shown by broken lines. The processing performed in the following 
processes is highlighted with boxes enclosing the processing. 

[Process 2] The true lengths of the uncountable parts are subtracted 
from the fixed length to calculate the extra lengths, and the uncountable 
10 parts are sorted in ascending order of extra length. The true lengths are 
denoted by reference numeral a, b, c, and d in descending order. The 
subtraction of each of the true lengths a, b, c, and d from the fixed length 
gives an extra length a', an extra length b', an extra length c', and an extra 
length d f . 

15 [Process 3] True lengths are compared with the extra lengths in the 

next higher level in ascending order of extra length to search for an 
uncountable part having the true length smaller than the extra length. If 
the corresponding uncountable part is not searched for, the yield rate 
cannot be further considered. In this example, the true length c is smaller 

2 0 than the extra length b'. That is, the uncountable part for which the yield 
rate can be considered (the part corresponding to the true length c) is 
searched for. 

[Process 4] An uncountable part that has the smallest extra length 
being capable of including the true length c searched for in Process 3 is 
25 searched for in order to integrate the longest uncountable part for which the 
yield rate can be considered with the smallest extra length. In this example, 
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the part having the true length a can include the true length c. 

[Process 5] The true length c searched for in Process 3 is added to the 
true length a, and the part having the true length c is deleted. 

[Process 6] The extra lengths are calculated again and the parts are 
5 sorted in ascending order of extra length. In this process, the uncountable 
part including the part for which the addition is performed in the previous 
process is included in the calculation. 

[Process 7] The true length d is added behind the true length c in the 
above manner. 

1 0 The above processes are repeated until it is determined that the yield 

rate cannot be further considered to yield the optimum number of parts 
having the fixed length. 

Specific examples of the quantity totalizer for the three-dimensional 
arrangement and adjustment CAD, according to the second embodiment, 
1 5 will be then described hereunder. 

The quantity totalization of the pipes and the procurement of the parts 
based on the quantity totalization result are often performed before a 
detailed arrangement and adjustment of the pipes is completed. This is 
because the plant engineering including the pipes and the cable trays is 
2 0 performed on the assumption that the steel work, the building, the 
groundwork, and the equipment are fixed. Accordingly, the plant 
engineering is positioned downstream in the entire design schedule. 

Coordination between the departments, modeling with three- 
dimensional arrangement and adjustment CAD, and accurate quantity 
2 5 totalization often lag far behind. 

The pipe parts for the piping are manufactured from ingots. Hence, in 
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order to purchase the cheapest piping parts, it is preferable that the pipe 
parts be purchased in time with melting of the ingots in the steel product 
manufacturer with regard to the cost. 

In consideration of the actual procurement of the parts, it is a rare 
5 case in actual that the quantity totalization can be performed by the 
automatic numbering after the database in the three-dimensional 
arrangement and adjustment CAD is completed. Accordingly, the manual 
numbering of the parts numbers must be performed. 

Referring to Fig. 6, in the line information (Table 3), the line name is 

1 0 used as the classification item. The information concerning the allowance of 
the manual numbering and the parent-to-child relationship between the 
parts having the same parts number is stored in the line information (Table 
3). The parts having the line name for which the manual numbering is 
allowed in the line information (Table 3) are extracted from the database in 

15 the three-dimensional arrangement and adjustment CAD in the parts 

information (Table 2A) by the extracting means 22 to prepare the manually- 
numbered parts information (Table 11). 

The parts numbers numbered in the advance procurement are 
manually input by the manually-numbering means 23 while confirming the 

2 0 line names, which is the classification items; other information such as the 
design pressure and temperature, which is the attributes of the 
classification items; and the parts specifications, tabulated in the manually- 
numbered parts information (Table 11). 

The information, indicating that from which line in the reduced parts 

2 5 information (Table 2) the parts are acquired, is given to the parts in the 

manually-numbered parts information (Table 11). The data on one part is 
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stored in one line in the reduced parts information (Table 2A). The data in 
the reduced parts information (Table 2A) is returned to the database in the 
three-dimensional arrangement and adjustment CAD based on the line 
numbers. In other words, the line numbers in the database in the three- 
5 dimensional arrangement and adjustment CAD are used to reflect the 
parent-to-child relationship between the parts having the parts numbers 
that are equal to the manually-numbered parts numbers in the database in 
the three-dimensional arrangement and adjustment CAD. 

The database in the three-dimensional arrangement and adjustment 

10 CAD is used to perform the quantity totalization in Fig. 2. In the quantity 
totalizer for the three-dimensional arrangement and adjustment CAD, 
according to the second embodiment, owing to the structure shown in Fig. 7, 
the automatically-numbered parts numbers are not mixed with the 
manually-numbered parts numbers. 

15 Specifically, the line information (Table 3) is used again in the quantity 

totalization to again confirm the line names for which the manual 
numbering is allowed. Through this operation, all the automatically- 
numbered parts are known to the system. 

Next, the automatic numbering is performed only for the parts having 

2 0 the same classification item and the same parts specification in the quantity 
totalization. In contrast, the parts for which the manual numbering is 
allowed are totalized based on the parts number so as to attain the quantity 
totalization result. The quantity totalizer for the three-dimensional 
arrangement and adjustment CAD, according to the second embodiment, is 

2 5 structured such that the previous revisions can be referred to both in the 
manual numbering and the automatic numbering. 
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Bulk purchase of the pipe parts is also considered in the quantity 
totalizer for the three-dimensional arrangement and adjustment CAD, 
according to the second embodiment. 

The specifications of the pipes used in a plant are classified according 
to intended use. In the quantity totalizer for the three-dimensional 
arrangement and adjustment CAD, according to the second embodiment, 
the pipes used in high temperature and high pressure state give weight to 
the design specifications, and the procurement according to the line 
specifications and parts specifications is performed in these pipes. 

In contrast, the pipes used in low temperature and low pressure state 
do not need to insist on the specifications shown in the line information. 
Accordingly, in the case of the pipes used in low temperature and pressure, 
it is sufficient to provide the attribute information (parts specifications) for 
identifying the pipe parts. 

Consequently, in the quantity totalizer for the three-dimensional 
arrangement and adjustment CAD, according to the second embodiment, as 
shown in Fig. 8, the method in which the parts are classified based only on 
the parts specifications (parts types and sizes) for totalization is adopted. 

With this structure described above, the bulk purchase of the parts 
has a good effect on the reduction in cost in spite of being rather out of 
specifications and, therefore, the cost of the material procurement can be 
reduced. 

As described above, according to the quantity totalizer for the three- 
dimensional arrangement and adjustment CAD in the second embodiment 
of the present invention, it is possible to provide the quantity totalizer, the 
quantity totalizing program, and the quantity totalizing method, which are 
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capable of considering the advance arrangement and procurement of the 
parts and improving the yield rate. 

The structures of the quantity totalizers and the quantity totalizing 
programs for the three-dimensional arrangement and adjustment CAD, 
5 according to the above embodiments, are summarized as follows. 

A quantity totalizer for a three-dimensional arrangement and 
adjustment CAD, according to an embodiment, includes: integrating means 
for referring to parts information stored in the three-dimensional 
arrangement and adjustment CAD and associating line information, which 

10 is separated from the parts information for storage and which is unique to a 
line, with the parts information to generate integrated information in which 
the quantity of parts is totalized; numbering means for systematically 
numbering the integrated information and outputting a quantity totalization 
result; and comparing means for comparing the quantity totalization result 

15 output by the numbering means with a parts number column in a design 
drawing produced with the three-dimensional arrangement and adjustment 
CAD to check the parts having the same parts information and line 
information against each other and replacing parts numbers in the parts 
number column in the design drawing produced with the three-dimensional 

2 0 arrangement and adjustment CAD with parts numbers in the quantity 
totalization result output by the numbering means. 

The parts information preferably includes a parts type and a size in 
the quantity totalizer for the three-dimensional arrangement and adjustment 
CAD. 

25 The line information includes, at the least, a fluid name passing 

through pipes, a working pressure, a working temperature, a material, a 



wall thickness, and a drawing number. 

The quantity totalizer for the three-dimensional arrangement and 
adjustment CAD may include reducing means for dividing the length of 
uncountable parts by a fixed length of countable parts for reduction to the 
5 number of the countable parts having the fixed length when the 

uncountable part is longer than the fixed length and for summing up the 
lengths of the uncountable parts until the fixed length is given for reduction 
to the number of the countable parts having the fixed length when the 
uncountable part is shorter than the fixed length. 

1 0 The quantity totalizer for the three-dimensional arrangement and 

adjustment CAD may include converting means for converting the parts 
information stored in the three-dimensional arrangement and adjustment 
CADs of different types into a uniform data format to collectively manage the 
converted parts information. 

1 5 The quantity totalizer for the three-dimensional arrangement and 

adjustment CAD may include checking means for checking the integrated 
information against a past quantity totalization result to number parts that 
have not been numbered. 

The quantity totalizer for the three-dimensional arrangement and 

2 0 adjustment CAD may have a template for a form in which necessary 
information in the quantity totalization result is output. 

The quantity totalizer for the three-dimensional arrangement and 
adjustment CAD may have a conversion function for converting a 
description language and a unit system of the form and the design drawing. 

2 5 A quantity totalizer for a three-dimensional arrangement and 

adjustment CAD, according to another embodiment, includes: integrating 
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means for referring to parts information stored in the three-dimensional 
arrangement and adjustment CAD and associating line information, which 
is separated from the parts information for storage and which is unique to a 
line, with the parts information to generate integrated information in which 
5 the quantity of parts is totalized; numbering means for systematically 

numbering the integrated information and outputting a quantity totalization 
result; comparing means for comparing the quantity totalization result 
output by the numbering means with a parts number column in a design 
drawing produced with the three-dimensional arrangement and adjustment 

1 0 CAD to thereby check the parts having the same parts information and line 
information against each other and replacing parts numbers in the parts 
number column in the design drawing produced with the three-dimensional 
arrangement and adjustment CAD with parts numbers in the quantity 
totalization result output by the numbering means; extracting means for 

15 classifying the parts into automatically numbered parts and manually 
numbered parts and extracting the parts information and the line 
information, concerning the manually numbered parts, from a database in 
the three-dimensional arrangement and adjustment CAD for check; and 
manually-numbering means for manually numbering the parts having the 

2 0 parts information and the line information extracted by the extracting 
means. 

In the above structure, attribute information concerning the parts, 
extracted and checked by the extracting means in order to determine the 
parts manually numbered by the manually-numbering means, includes all 
2 5 of a line name, a parts type and a size, or includes only the parts type and 
the size. 
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. The parts information is integrated with the line information, which 
are extracted by the extracting means, to produce a parts list. At least one 
parts number that is determined in advance is manually input in the parts 
list by the manually-numbering means, and the manually input data is 
5 reflected in the parts number column in the database in the three- 
dimensional arrangement and adjustment CAD. 

The integrating means refers to the line information and the database 
in the three-dimensional arrangement and adjustment CAD, in which the 
manually input data input by the manually-numbering means is reflected, 
10 to separate the automatically numbered parts from the manually numbered 
parts and totalizes the number of countable parts and the total length of 
uncountable parts to thereby produce the quantity totalization result. 

The integrating means separates the automatically numbered parts 
from the manually numbered parts for quantity totalization; compares the 
15 information before a revision with the information after the revision; and 

adds a shortfall before the revision to the information after the revision when 
the number of parts before the revision is smaller than the number of parts 
after the revision. 

The extracting means functions to give attribute information 
2 0 representing parent-to-child relationship between the parts to a parts list 
extracted by the extracting means, to reduce the parts numbers of child 
parts, among the parts that are different in all of a line name, a parts type, 
and a size or any of them, to the parts numbers of parent parts to 
collectively number the parts, and to totalize the both the parent parts and 
2 5 the child parts. 

A symbol indicating that a yield rate is considered, the symbol being 
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attribute information, is added to the line information to separate parts for 
which the yield rate is considered from parts for which the yield rate is not 
considered; the parts information and the line information concerning 
uncountable parts stored in the database in the three-dimensional 
5 arrangement and adjustment CAD are extracted by the extracting means for 
check to determine the uncountable parts for which the yield rate is 
considered; true lengths, which are the actual lengths of the uncountable 
parts, are calculated by the reducing means for the uncountable parts for 
which the yield rate is considered; and extra lengths, which is the difference 

1 0 between the true lengths and a fixed length at the time of purchase, input in 
advance, are calculated. 

A symbol indicating that a yield rate is considered, the symbol being 
attribute information, is added to the line information to separate parts for 
which the yield rate is considered from parts for which the yield rate is not 

15 considered; the parts information and the line information concerning 
uncountable parts stored in the database in the three-dimensional 
arrangement and adjustment CAD are extracted by the extracting means for 
check to determine the uncountable parts for which the yield rate is 
considered; a fixed length, which is the length of the uncountable parts at 

2 0 time of purchase, is input by the manually-numbering means; the fixed 
length is subtracted from true lengths, which are the lengths of the 
uncountable parts for which the yield rate is considered, when the true 
lengths are larger than the fixed length to reduce the uncountable parts to 
uncountable parts having lengths smaller than the fixed length; extra 

2 5 lengths are calculated by subtracting the true lengths, which is the actual 
lengths of the uncountable parts, from the fixed length to compare the true 



lengths of all the parts for which the extra lengths are calculated with the 
extra lengths thereof; addition of a longest true length to a shortest extra 
length is repeated to reduce the uncountable parts to the countable parts 
having the fixed length; and the number of the countable parts having the 
5 fixed length is totalized. 

A fixed length, which is the length of uncountable parts at the time of 
purchase, is manually input, by the manually-numbering means, in a parts 
list extracted by the extracting means, and the input information is reflected 
in a fixed length column in the parts information stored in the database in 

10 the three-dimensional arrangement and adjustment CAD. 

The line information is stored in a table different from a table 
including a fixed length and, when the line information is specified, the fixed 
length of the corresponding uncountable parts is reflected in a parts list 
extracted by the extracting means. 

1 5 The quantity totalizing methods for the three-dimensional 

arrangement and adjustment CAD, according to the above embodiments, 
will be summarized as follows: 

A quantity totalizing method for a three-dimensional arrangement and 
adjustment CAD, according to an embodiment of the present invention, 

2 0 includes: the steps of referring to parts information stored in the three- 
dimensional arrangement and adjustment CAD and associating line 
information, which is separated from the parts information for storage and 
which is unique to a line, with the parts information to generate integrated 
information in which the quantity of parts is totalized; systematically 

2 5 numbering the integrated information and producing a quantity totalization 
result; and comparing the quantity totalization result with a parts number 
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column in a design drawing produced with the three-dimensional 
arrangement and adjustment CAD to check the parts having the same parts 
information and line information against each other and replacing parts 
numbers in the parts number column in the design drawing produced with 
5 the three-dimensional arrangement and adjustment CAD with parts 

numbers in the quantity totalization result output by the numbering means. 

The parts information includes a parts type and a size in this quantity 
totalizing method. 

The line information may include, at the least, a fluid name passing 

1 0 through pipes, a working pressure, a working temperature, a material, a 
wall thickness, and a drawing number. 

The lengths of the uncountable parts longer than a fixed length of 
countable parts, among the uncountable parts arranged and adjusted by the 
three-dimensional arrangement and adjustment CAD, may be divided by the 

1 5 fixed length of countable parts for reduction to the number of the countable 
parts having the fixed length, and the lengths of the uncountable parts 
shorter than the fixed length may be summed up until the fixed length is 
given for reduction to the number of the countable parts having the fixed 
length in order to perform the quantity totalization. 

2 0 The parts information stored in the three-dimensional arrangement 

and adjustment CADs of different types may be converted into a uniform 
data format to collectively manage the converted parts information. 

The integrated information may be checked against a past quantity 
totalization result to number parts that have not been numbered. 

2 5 The quantity totalizer for the three-dimensional arrangement and 

adjustment CAD may have a template for a form to output a necessary 
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quantity totalization result as the form. 

The quantity totalizer for the three-dimensional arrangement and 
adjustment CAD may have a database for multiple languages and unit 
systems and may convert a description language and a unit system of the 
form and the design drawing. 

A quantity totalizing method for a three-dimensional arrangement and 
adjustment CAD, according to another embodiment, includes: the steps of 
referring to parts information stored in the three-dimensional arrangement 
and adjustment CAD, associating line information, which is separated from 
the parts information for storage and which is unique to a line, with the 
parts information, referring to the line information and the parts information 
stored in the three-dimensional arrangement and adjustment CAD to 
classify parts into automatically numbered parts and manually numbered 
parts, and associating the line information with the parts information to 
generate integrated information in which the quantity of the parts is 
totalized; extracting the line information concerning the manually numbered 
parts from a database in the three-dimensional arrangement and 
adjustment CAD; manually numbering the parts having the extracted line 
information, and systematically numbering the integrated information to 
produce a quantity totalization result; and comparing the quantity 
totalization result with a parts number column in a design drawing 
produced with the three-dimensional arrangement and adjustment CAD to 
check the parts having the same parts information and line information 
against each other and replacing parts numbers in the parts number 
column in the design drawing produced with the three-dimensional 
arrangement and adjustment CAD with parts numbers in the quantity 
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totalization result output by the numbering means. 

In the above structure, a line name, a parts type, and a size, among 
attribute information concerning the parts, are checked to determine the 
parts manually numbered, or only the parts type and the size are checked to 
5 determine the parts manually numbered and the determined parts are 
extracted by the extracting means. 

The parts information is integrated with the line information, which 
are extracted by the extracting means, to produce a parts list. At least one 
parts number that is determined in advance is manually input in the parts 
1 0 list, and the manually input data is reflected in the parts number column in 
the database in the three-dimensional arrangement and adjustment CAD. 

The line information and the database in the three-dimensional 
arrangement and adjustment CAD, in which the manually input data is 
reflected, are referred to to separate the automatically numbered parts from 
1 5 the manually numbered parts and the number of countable parts and the 
total length of uncountable parts are totalized to produce the quantity 
totalization result. 

The automatically numbered parts are separated from the manually 
numbered parts for the quantity totalization; the information before a 
2 0 revision is compared with the information after the revision; and a shortfall 
before the revision is added to the information after the revision when the 
number of parts before the revision is smaller than the number of parts after 
the revision. 

The attribute information representing the parent-to-child relationship 
2 5 between the parts is given to the parts list extracted by the extracting 

means; the parts numbers of child parts, among the parts that are different 
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in all of a line name, a parts type, and a size or any of them, are reduced to 
the parts numbers of parent parts to collectively number the parts; and the 
both the parent parts and the child parts are totalized for the quantity 
totalization. 

5 A symbol indicating that a yield rate is considered, the symbol being 

attribute information, is added to the line information to separate parts for 
which the yield rate is considered from parts for which the yield rate is not 
considered; the parts information and the line information concerning 
uncountable parts stored in the database in the three-dimensional 

1 0 arrangement and adjustment CAD are extracted by the extracting means for 
check to determine the uncountable parts for which the yield rate is 
considered; true lengths, which are the actual lengths of the uncountable 
parts, are calculated for the uncountable parts for which the yield rate is 
considered; and extra lengths, which is the difference between the true 

1 5 lengths and a fixed length at the time of purchase, input in advance, are 
calculated. 

A symbol indicating that a yield rate is considered, the symbol being 
attribute information, is added to the line information to separate parts for 
which the yield rate is considered from parts for which the yield rate is not 

2 0 considered; the parts information and the line information concerning 
uncountable parts stored in the database in the three-dimensional 
arrangement and adjustment CAD are extracted by the extracting means for 
check to determine the uncountable parts for which the yield rate is 
considered; a fixed length, which is the length of the uncountable parts at 

2 5 time of purchase, is input by the manually-numbering means; the fixed 
length is subtracted from true lengths, which are the lengths of the 
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uncountable parts for which the yield rate is considered, when the true 
lengths are larger than the fixed length to reduce the uncountable parts to 
uncountable parts having lengths smaller than the fixed length; extra 
lengths are calculated by subtracting the true lengths, which is the actual 
5 lengths of the uncountable parts, from the fixed length to compare the true 
lengths of all the parts for which the extra lengths are calculated with the 
extra lengths thereof; addition of a longest true length to a shortest extra 
length is repeated to reduce the uncountable parts to the countable parts 
having the fixed length; and the number of the countable parts having the 

10 fixed length is totalized. 

A fixed length, which is the length of uncountable parts at the time of 
purchase, is manually input, by the manually-numbering means, in a parts 
list extracted by the extracting means, and the input information is reflected 
in a fixed length column in the parts information stored in the database in 

15 the three-dimensional arrangement and adjustment CAD. 

The line information is stored in a table different from a table 
including a fixed length and, when the line information is specified, the fixed 
length is automatically reflected in a parts list extracted by the extracting 
means. 

20 

Industrial Applicability 

According to a quantity totalizer, a quantity totalizing program, and a 
quantity totalizing method for a three-dimensional arrangement and 
adjustment CAD, of the present invention, it is possible to systematically 
2 5 manage the parts numbers and to improve the efficiency of the quantity 
totalization. In addition, according to the present invention, advance 
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arrangement and procurement of the parts can be considered, so that the 
quantity totalization can be efficiently performed. 



